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WIND ENERGY IN IOWA

E.S. Takle
Associate Professor of Climatology and Meteorology
Departments of Agronomy and Earth Science
Iowa State University
Ames, Iowa 50011
Introduction
Wind and wind energy can be used as means for studying various
topics in general science, mathematics, physics, and electronics
courses. A brief background on wind energy and wind-driven electrical
generators is provided. Suggestions are given for problems and projects
on wind energy. These student activities can be used both for studying
basic science and mathematical concepts and for developing an energy
awareness.
Background
Wind has been used as an energy source in Iowa for almost a century.
The earliest and most widely used application was (and still is) the
production of mechanical power to pump water. Wind also was used for
generation of electrical power on a farmstead scale before the rural
electrification program. Wind and solar energy formerly were principal
means of drying grain and laundry; use of these applications has
diminished in recent years, however, in favor of commercially available
driers.
Wind energy is being re-examined because of its unique advantages in
certain applications. Manufacturers of farm water-pumping windmills
are experiencing more sales now than in the recent past. Natural drying
of grain (corn) by wind and solar energy is being considered by researchers and farmers in an attempt to cope with rising costs of artificial
drying.
The sun is the ultimate source of wind energy; the differential heating
of the earth sets up atmospheric circulation patterns that produce local
winds. Conservative estimates (Heronemus, 1974) suggest that, on a
global average, 1% of incident solar energy is converted to wind energy.
The annual average daily amount of solar energy received at Ames is
340 langleys (Baker and Haines, 1969). A calculation, by using this value
of insolation and the area of the State of Iowa (56,290 square miles), of
the annual total solar energy received in Iowa gives 2.32 x 1014 kilowatt-hours (KWH) per year. This provides Iowa with a nondepletable
annual wind-energy budget of 2.32 x 10 12 KWH if the 1% conversion
figure is applied. (The 1% figure is doubly conservative for Iowa because
Iowa's location in the stormy midlatitudes provides higher-than22

global-average wind speeds.) As a comparison, the total Iowa energy
consumption (nuclear, hydroelectric, coal, aviation and residential
fuels, middle distillates, gasoline, and natural gas) in 1976 amounted to
an equivalent of2.66 x 10 11 KWH (IEPC, 1977), approximately 10% of
the conservative estimate of wind energy passing over the state.
The average household in Iowa used 7408 KWH of electrical energy in
1976 (IEPC, 1977). The daily average per household is, therefore, about
20 KWH. This rate of energy consumption serves as a useful comparison
for visualizing the output of wind-driven eiectrical generators.
Wind-Driven Electrical Generators
The wind-energy application receiving the most intense renewed
interest is the wind-driven electrical generator. Wind has definite advantages over other alternative sources of energy for generation of
electricity. Of the energy systems currently being suggested for converting diffuse or low-grade energy (such as solar, wind, ocean thermal
gradient, geothermal) into electrical or high-grade energy, windenergy conversion systems are perhaps the most efficient and most
readily available. Wind-driven electrical generators in sizes ranging
from a few watts to 1.25 megawatts (MW) have been built and operated
successfully; thus, the technology for wind-energy conversion systems
has been proven.
A. Large Generators
Wind-driven generators in the 100-500 KW and 1-5 MW range are
being studied for their practicality in producing power for public utilities. These larger systems might be used to replace expensive peak-load
fuel and for supplementing base-load fossil fuel or hydroelectric power.
Specialized applications of wind power for production of hydrogen or
fertilizer may eventually be realized. There are some technological
unknowns in deployment of 2-5 MW wind-energy conversion systems,
but they are not considered insurmountable.
The U.S. Department of Energy (DOE) has contracted for the production of two 1.5-MW wind machines, to be used as the primary power
source for selected small communities, and for the production of a
limited number of200-KW units similar to the type now being tested by
NASA near Sandusky, Ohio. The impact of these machines on community power requirements can be estimated from the consumption
rate of 20 KWH daily per household: A 1.5-MW machine operating at
rated capacity would meet the average needs of 1800 households, and
the 200-KW machine at rated capacity would supply the average energy
consumption of 240 households. These estimates are unrealistically
high, however, for two reasons. First, the electrical demand of a household, and therefore, of a community, is not constant throughout the day
and night. Second, few sites have sufficient wind speeds (10-15 mis) to
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produce maximum generator output for long periods of time. We have
estimated the performance of a 100-KW generator, by using Ames wind
data, to be 42% of rated capacity on an annual basis (Takle and Brown,
1976); that is, a 100-KW generator would produce an average of 42 KW
of power over the year.
The major constraint preventing wider use of large wind-energy
conversion systems is economic feasibility. Determination of the practicality of wind systems for a given location depends critically on the local
wind characteristics and the specific application intended. Hewson
(1977) has provided feasibility estimates for wind-energy systems to
supplement the hydroelectric-generating capability in the United
States. Projecting future generating costs and using a 4%-per-year fuel
cost increase, Hewson demonstrates that, effective immediately, a cost
advantage will be realized in the Pacific Northwest if wind-energy
plants, rather than fossil-fuel plants, are deployed in any future generation-facility expansions. His projections for the Midwest show 1993 as
the estimated year that the implementation of wind systems will begin
to be more economical than fossil-fuel plants.
B. Small Generators
Smaller wind-energy conversion systems (less than 50 KW) can be
expected to become cost effective at an earlier date in the Midwest
because of their greater flexibility to meet a wider range of applications.
DOE is sponsoring a demonstration project by Rockwell International
at Rocky Flatts, Colorado, to test the productivity of small-scale wind
machines. Six generators, ranging in size from 1.2 KW to 15 KW and
producing a variety of output voltages, are being studied. Results from
these studies should provide more detailed information on the practicality of small-scale wind machines.
C. Problems
The fundamental problem retarding the growth of electricity genera. tion by wind in Iowa is shown in Fig. 1 (Takle and Brown, 1976). This
chart shows the monthly average production by a typical generator to
vary from 0.3 to 1.8 times the annual average. Therefore, wind is not
reliable as a year-around constant source of electrical energy. A typical
generator produces very little electrical energy in wind speeds below
about 5mls and reaches its rated output at wind speeds ranging from
10-15 mis. Wind speeds in Iowa rarely exceed 10 mis for extended
periods (several days); therefore, most commercially available generators deployed in Iowa would operate below their rated power levels.
The current cost of wind-driven electrical generators is between $1
and $2 per installed watt of generating power; e.g., a 2000-watt gen24

erator would cost from $2000 to $4000. The source of wind energy is
free, but the equipment to extract it is fairly expensive.
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Figure 1. Average power output of a typical wind-driven electrical generator using Iowa
wind characteristics.

D. Possibilities
Wind can make a modest contribution to the total electrical energy
production in Iowa. Hewson has estimated that wind could provide
between 1% and 12% of the total U.S. electrical demand by 1995. The
lower end of this percentage range might be most applicable to Iowa
because Iowa has neither sustained high wind speeds nor a complete
lack of fuel (coal) for firing electrical generators. The extent to which,
and the rate at which, wind energy will be exploited depends on factors
aside from improvements in wind-energy technology. For example, if
the cost of energy derived from the burning of fossil fuels (coal, oil, gas)
rises more rapidly than now projected, wide-spread exploitation of wind
energy will be hastened. Applications that can be made compatible with
Iowa's wind characteristics will be the first to make extensive use of
wind energy. Space heating, grain drying, and production of domestic
hot water are such applications for which the technology is simple.
Maximum efficiency can be achieved in these applications because variable frequency and (or) variable-voltage electrical energy is acceptable.
Wind Energy As a Teaching Vehicle
The topic of wind energy can be used at various levels as a teaching
vehicle. The theoretical wind power available from a wind-driven generator can be calculated from the formula
25

(1)

where P is generator power, K is a system efficiency, p is air density, A
is the area swept out by the generator impellor, and Vis the wind speed.
Typical values for K range from 0.20 to 0.40. Output of an actual
generator may differ significantly from this estimate, as shown for a
200-watt generator in Fig. 2. Note that the formula will give serious
overestimates of power for wind speeds above the feathering point
(about 12 mis). In the speed range in which Eq. (1) is representative of
actual generator power (2 mis to 7 mis), a doubling of wind speed gives
an eightfold increase in power output.
Wind speeds, and therefore wind power, increase with elevation
above the earth's surface. The height dependence of wind speed varies
throughout the day, but during periods of moderate-to-strong winds,
the "1/7 power law" is applicable:
(2)

where V1 and V2 are the horizontal wind speeds at height Z1 and Z2,
respectively. As an example, if the wind speed at 2 m is 5 mis, the
estimated wind speed at 30.5 m (100 ft) is 7.38 mis. The wind speed,
therefore, increases by 48%, but the power, calculated from Eq. (1),
increases 221 %.
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Figure 2. Actual power output and estimated power output (using' Eq. 1) of a typical
200-watt wind-driven electrical generator.
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The following list, ordered by increasing difficulty, provides some
suggestions for ways of incorporating wind energy into curricula.
1. Studying the average wind speeds in various parts of the United
States or the world by using maps or available tabulated data.
2. Studying the day-night and seasonal variation in wind speed and
wind energy.
3. Making a log of wind-speed measurements obtained from a school
anemometer, local radio station, or National Weather Service
office.
4. Converting English units of wind speed, density, energy, and
power to metric equivalents.
5. Calculating wind power and wind energy from actual measurements of wind speed.
6. Comparing energy consumption by specific appliances with
energy available from a hypothetical wind-driven generator.
7. Installing a commercially available or homemade (using an auto
generator and airplane propellor) wind-driven generator.
8. Studying wind speed and wind power as a function of height
above the earth's surface.
9. Studying problems and possibilities associated with converting
specific appliances, tools, or other devices from AC to lowvoltage (6, 12, or 32 volt) DC.
10. Studying the efficiency and waveforms of DC-to-AC conversion
devices for use in wind-energy systems.
11. Designing battery storage systems to interface between supply
and demand.
This list certainly is not exhaustive, but it may suggest other projects
more adaptable to locally available resources. Limited amounts of
meteorological data and wind-driven electrical-generator information
will be provided on request.

Conclusions
The public is favorably disposed toward the use of wind energy, as
demonstrated by a Gallup survey in September 1975 (Hewson, 1977).
Sixty percent of those questioned favored expanded use of wind energy,
12% were opposed, and 28% had no opinion. The rate at which wind
energy in Iowa will be exploited depends on future costs of fossil fuels,
on the relative success of wind as a source of energy in specific applications such as (electrical) resistance heating, and on the resolution of
certain legal and technological problems. Iowa's wind characteristics
would seem to permit small wind systems to become economically
competitive earlier than large systems.
The topic of wind energy provides an interesting and timely focal
point for studying a number of different basic physical science concepts.
27

Well-designed wind-energy problems and projects can provide students
exposure to various mathematical, physical, and meteorological concepts and also promote an energy awareness.
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***
Earthquakes

Earthquakes is a publication produced by the Kansas Geological
Survey. It is written by the Kansas Survey seismologist, Dr. D.W.
Steeples, and discusses the origin of earthquakes, earthquakes in the
midwest and methods of earthquake research. Single copies are available free from the Kansas Geological Survey, 1930 Ave. A Campus
West, University of Kansas, Lawrence, Kansas 66044.

Boyled Marshmallows
If you have a vacuum source, this is a fun demonstration. Make an
airtight container from a babyfood jar. Put a mini-marshmallow in the
jar and evacuate the air from the jar. According to Boyle's Law, pressure and volume are related and this can easily be demonstrated by
what happens to the marshmallow. Let the students eat the experiment
for even more fun.
Oregon Science Teacher

Free Films
A listing of free films involving environmental issues is available from
the Environmental Protection Agency, Office of Public Affairs, Washington, D.C. 20460.
-
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